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Abstract 
The purposes of the study focused on the relationship between innovation and sustainability were to (i) measure 
the sustainability level and the level of benefiting from innovation in farms producing paddy in Bafra district of 
Samsun and (ii) explore the relationship between innovation and sustainability. The research data sources were 
farms producing paddy, previous studies related paddy, related institutions, view of academician and technical 
person in the research area and field observation. The farm level data covered the period of 2013 and collected 
from randomly selected 60 farms by using well-structured questionnaire. To measure economic, environmental 
and social sustainability, sustainability index was used while we used innovation index for exploring the level of 
benefiting innovation. Research results revealed that economic performance and innovation capacity of second 
group farms was better comparing to rest. Research results also showed that the sustainability was higher in farms 
that their benefiting level from innovation is high. Positive effects of innovation on sustainability were lower than 
of second and third ones. The study suggests initiating the farmers’ education program based on farmers’ need. For 
small scale farms that their benefiting level from innovation was low, financial and infra structure support may 
strength the relationship between innovation and sustainability. 
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1. Introduction 
Nowadays, the more appropriate strategy to be sustainable for any firm are benefiting innovation and increasing 
competitive power by means of innovation. Since agriculture sector has the strategic position for human and animal 
nutrition, enhancing the competitive power of firm by using innovation was important in agriculture, as well as all 
the other sectors. According to the last agricultural census, approximately 3 million farms have conducted their 
activities and serve the employment opportunities nearly 35% of the active population in Turkey. Most Turkish 
farm has not used their production factors efficiently due to their structural problems and they have not satisfied 
from innovation adequately even if they have produced sufficient revenue. This fact has emerged in the farms that 
produce raw material to agriculture based industry such as paddy. 
In last decade, there have been increasing attentions to measure production efficiency and to explore 
inefficiency determinants in paddy farming like other crops all over the world. In one hand, some researches have 
focused on the efficiency in paddy production. Tadesse and Krishnamoorthy [14], Goyal et al.[9], Umanath and 
Rajasekar [15] in India, and Xiao and Li [18] in China measured the production efficiency of paddy farming by 
using data envelopment analysis. Similarly, Ghee et al. [8] examined the efficiency by using stochastic frontier in 
Nigeria. On the other hand, some researchers have focused on the relationship between risk and efficiencyin 
parallel with the development in world. Villano and Fleming [16] in Philippine and Chang and Wen [5] in Taiwan 
explored the relationship between risk and efficiency scores in paddy farming. However, the case was a little bit 
different in Turkey. There have been pioneer researches focused on the relationship between risk and efficiency 
scores [4-6], variation of the efficiency measures associated with time [3] and relationship between sustainability 
and efficiency [11] for different crops in Turkey. But, there has been no study focusing on the production efficiency 
in paddy farming in Turkey up to now. 
At the present day, the issues of agricultural innovation, intellectual property rights, trade of biological 
innovation and the role of education in the transfer of innovation and risk taking have been taken place in the 
research agenda and many researchers have been concentrated to these issues worldwide [1-10-12- 13-17-19). 
Exploring the level of benefiting from the innovations and measuring innovation capacity has increased their 
importance. Some researchers, therefore, have focused on these kinds of research. The research conducted by 
Ariza et al. [2] was one of the examples to analyze the benefiting level of the farms from innovation by using 
innovation matrix and probit analysis. However, the innovation issue was the relatively new research topic in 
Turkey. In Turkey, many researches have been conducted on adoption of innovation up to now [21-22-23]. 
Unfortunately, there has been limited study focusing on exploring the level of benefiting from the innovations and 
measuring innovation capacity [7-20]. Although some pioneer study related the relationship between efficiency 
and sustainability such as Gündüz et al., [11], there has been no study focusing on sustainability measurement and 
exploring the link between sustainability and innovation capacity in paddy production.Therefore, the purposes of 
the study were (i) to measure the innovation capacity of paddy farms in Bafra district of Samsun province, (ii) to 
explore the economic, social and environmental sustainability of paddy farms and (iii) to reveal the link between 
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innovation and sustainability.   
 
2. Material and Methods  
2.1. The Research Area 
Bafra is located in the coordinates of 41.3355o N latitudes and 35.5342o E longitudes in Turkey. The land area is 
175 square kilometers. The population stands at 143 thousand people. Bafra is one of the main actors in Turkish 
paddy production due to having good ecological conditions. There have been 2080 paddy farms and 8 rice plants 
in the research area. Based on the statistics, Bafra constituted the 9% of the total Turkish paddy production. The 
paddy yield 734 kg per hectare and the price of paddy is approximately $4 per kilogram in the research area.  
 
2.2. Research data 
Research data were collected from randomly selected 60 paddy farms out of 2080 active paddy farmers by using 
via well-structured questionnaire. Stratified random sampling procedure was followed when determining the 
optimum sample size. Sample farmers were grouped as small, medium and large farms. If the farms had 10-79 
hectares of farmland, 80-129 79 hectares of farmland and more than 130 79 hectares of farmland, it was classified 
as small, medium and large farms, respectively. 42, 5 and 13 sample farms were assigned as small, medium and 
large farms, respectively. The precision and confidence levels were 10% and 95%, respectively during the 
sampling process. Farm level panel data covering last three years was collected in the study. Questionnaires were 
administered to the sample farmers to collect management data by considering the 2011-2013 production years. 
The variables measured in the study were age of operators, experience of operators, schooling of operators, family 
size, labor, total asset, working capital, input-output coefficients, labor use, machinery use, fertilizer use, chemical 
use, paddy yield, paddy price, profit, revenue, solvency, liquidity and credit use.  
 
2.3. Exploring innovation capacity of paddy farms  
Innovation index was developed by using 16 different innovation indicators to explore the innovation capacity of 
the sample paddy farms. When calculating the innovation index, innovation summarized into 4 different subgroups 
such as products innovation, processes innovation, marketing innovation and organizational innovation. Indicators 
for products innovation were the share of farms used certified seed (%), the share of farms followed crop rotation 
(%), the share of farms used seedling use (%) and the share of farms changing paddy variety (%). The variables of 
the share of farms invested money for new machinery (%), the share of farms used new production technology 
(%), the share of farms having GAP certificate (%) and the share of farms followed soil analysis (%) were included 
for processes innovation. For the subgroup of marketing innovation, the indicators of the share of farms changing 
marketing place (%), the share of farms storing option (%), the share of farms marketing peeled paddy (%) and 
the share of farms marketing dried paddy (%) were used. Indicators for organizational innovation were the share 
of farms joined insurance pool (%), the share of farms recorded management data (%), the share of farms 
participated education program (%) and the share of professional paddy farms (%). After calculating these 
indicators based on the farm level panel data collected from sample paddy farms via questionnaire, total innovation 
index varied from 0 to 1 was calculated by summing the subgroup indexes. Then total innovation index value was 
multiplied by 6.25 to express the index as a percentage.  
 
2.4. Measuring the sustainability of paddy farms  
Sustainability of the sample paddy farms was measured by using sustainability index, which was based on 
sustainability indicators. Three dimensions of the sustainability such as economic, social and environmental were 
examined in the study by using 15 different indicators. The economic sustainability was measured by using the 
variables of return to capital (%), total factor productivity, risk (%), agricultural income per person (TL) and credit 
use (TL). The social sustainability indicators were having social security (%), distance to medical care (km), and 
the share of own land (%), existence of off farm income (%) and membership to farmers’ union. The variables of 
technical efficiency, synthetic fertilizer use (%), synthetic pesticide use (%), diversification and having good 
agricultural practices certificate (%) were used to explore environmental efficiency. Based on the data collected 
via questionnaire, sustainability indices, which varied between 0 and 1, were calculated for three dimensions of 
sustainability. Sum of the indices of three dimensions of sustainability was attributed to the total sustainability 
index for each paddy farms. 
 
2.5. Exploring the link between innovation and sustainability   
Regression analysis was used to reveal relationship between innovation and sustainability. Sustainability index 
values was the dependent variables of the regression model. The independent variables of the model were 
innovation index values, labor, return on equity, schooling and experience of the operators, agricultural income 
per hectare and working capital per hectare. The variables of household size, cooperative membership and the 
level of benefiting from technical advice were also included the model. However, these variables were removed 
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from the model due to they were superfluous variables based on the solution of Frisch’ Conflict. Since we assumed 
that it was impossible to reach social and environmental sustainability without ensuring the economical 
sustainability, constant term was not included the model when estimating the regression model. After checking the 
all possible function such as logarithmic, semi logarithmic and linear, we selected the linear functional form to 
explore relationship between innovation and sustainability based on the statistical significance level of coefficients 
and the size of disturbance term. The multiple regression model used in the study was depicted below: 
 =  +  + 	
 +  +  +  +  +  
Where Y was sustainability index, Q was innovation index, R was labor (AWU/ha), S was return on 
equity, T was experience of operators, W was schooling of the operators, X was agricultural income (TL/ha), Z 
was working capital (TL/ha) and e was the disturbance term. The problems of multi-collinearity and 
heteroscedasticity in the model were tested by using Frisch’ Conflict solution and White test, respectively. Since 
we used the cross sectional data in the model, we did not test the auto correlation problem.  
 
3. Results and Discussion 
3.1. Socio-Economic Characteristics of Sample Farms 
Socio-economic characteristics of sample paddy farms were depicted in Table 1. In the research area, most 
operators were man and their age varied from 26 to 64. They have 19 years of experience in paddy production and 
their education level was moderate. Approximately, 97% of the sample paddy farms joined the social security pool 
and 21% of them had the retirement pension. Approximately two people conducted their activities on 13 hectares, 
on average, in paddy farms. They allocated nearly 80% of the farmland to paddy production. Land per capita varied 
from 4 hectares to 10 hectares and it was almost 5 hectares, on average. Their paddy yield was 7710 kilograms per 
hectare and sold them with the price of $0.37 per kilogram. The maximum yield was observed in large paddy 
farms, while the large paddy farms obtained the maximum price. The mean value of total asset and working capital 
per hectare used in sample paddy farms were approximately $55000 and $10000, respectively. Agricultural 
revenue per capita and per hectare increased associated with the farm size. Return on equity and total asset varied 
from 2% to 14%, and increased associated with farms size. Medium and large scale paddy farms had the positive 
net profit per hectare, while the reverse was the case for small paddy farms (Table 1). 
Table 1. Some socio-economic characteristics of sample paddy farms 
 Farm size 
 Small Medium Large 
Farmland (ha) 
Labor (person) 
7.66 
1.79 
17.75 
2.85 
28.26 
2.65 
Land allocated to paddy (ha) 4.70 11.40 24.00 
Paddy yield (kg/ha) 7500.00 8500.00 8080.00 
Paddy price ($/kg) 0.48 0.52 0.56 
Total asset (thousand $/ha) 59.60 55.10 39.40 
Working capital (thousand $/ha) 11.00 6.80 7.70 
Land per capita (ha/EİB) 4.42 6.62 10.67 
Agricultural revenue per hectare (thousand $) 1.50 2.10 4.20 
Agricultural revenue per capita (thousand $) 6.34 12.68 45.03 
Net profit per hectare(thousand $) -0.20 0.70 3.10 
Return on equity (%) 2.19 6.02 13.71 
Return on total asset (%) 2.01 3.82 9.84 
 
3.2. Innovation Capacity of Sample Farms 
Research results showed that the innovation capacity of sample farms was unsatisfactory level. The innovation 
index was 37% and varied associated with farm size. The most satisfactory innovation capacity was observed in 
medium size farms due to their adoption capability to new production technology. Since large farms had already 
all necessary machinery and equipment and changed their production techniques before, innovation index of large 
farms was smaller than that of large farms. In the research area, the lowest level of benefiting innovation was 
observed in small size farms (Table 2). 
Regarding the components of the innovation index, there have been differences among the sample farms. 
In small scale size farms, marketing innovation was the weakest, while that of the medium size was satisfactory 
level. Medium size farms had the advantages in aspect of process, marketing and organizational innovations 
comparing to others. When focusing on the product innovation, large farms were more innovators comparing the 
rest (Table 2). 
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3.3. Economic, Social and Environmental Sustainability of Sample Farms 
Sustainability index values of the sample farms showed that sustainability index values varied from 48 to 63 
associated with farm size and the mean sustainability index was 50% in the research area, indicating that there has 
been some factors hindered the sustainability of sample farms. The lowest sustainability was observed in small 
size paddy farms, while the highest was in medium size paddy farms. Interestingly, sustainability of the medium 
size paddy farms was higher than that of large ones due to low level of financial risk. For all size of paddy farms, 
the most important problem was the economic sustainability. Risk faced the sample paddy farms and low level of 
agricultural income were the main problems for economic sustainability of small and large paddy farms (Table 3). 
 
3.4. The link between sustainability and innovation 
It was clear based on the results of regression analysis that there was a positive causal relationship between 
sustainability and innovation. Also, the variables of return on equity, schooling and experience of operators, 
working capital and agricultural income affected the sustainability positively. However, labor variable had the 
negative effects on sustainability. In the research area, sustainability index value of the paddy farms would increase 
by 0,436 when innovation index value increased one unit. This findings confirmed the results of previous study 
conducted by Gündüz et al. [11]. Gündüz et al. [11] stated that increasing efficiency through innovation increased 
the sustainability of the farms. Expectedly, the most magnificence factor positively influenced the sustainability 
of sample paddy farms was return on equity. The profile of operators was another important factor influenced the 
sustainability of the sample paddy farms (Table 4). 
Table 2. Innovation capacity of sample paddy farms 
İndex values Farm size 
Small Medium Large 
Products innovation 1.12 1.40 1.75 
The share of farms used certified seed (%) 0.76 0.60 0.92 
The share of farms followed crop rotation (%) 0.26 0.40 0.39 
The share of farms used seedling use (%) - - 0.15 
The share of farms changing paddy variety (%) 0.10 0.40 - 
Processes innovation 1.08 2.60 1.77 
The share of farms invested money for new machinery (%) 0.17 0.20 0.31 
The share of farms used new production technology (%) 0.19 0.40 0.23 
The share of farms having GAP certificate (%) 0.24 0.80 0.54 
The share of farms followed soil analysis (%) 0.48 0.80 1.00 
Marketing innovation 0.91 1.80 1.77 
The share of farms changing marketing place (%) 0.12 0.20 0.08 
The share of farms storing option (%) 0.12 0.60 0.62 
The share of farms marketing peeled paddy (%) - - 0.08 
The share of farms marketing dried paddy (%) 0.67 1.00 0.99 
Organizational innovation 1.75 2.40 2.16 
The share of farms joined insurance pool (%) 0.50 0.60 0.54 
The share of farms recorded management data (%) 0.24 0.60 0.54 
The share of farms participated education program (%) 0.10 0.40 0.31 
The share of professional paddy farms (%) 0.91 0.80 0.77 
İnnovation index (%) 30.38 51.25 44.75 
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Table 3. Sustainability index for sample paddy farms 
Index values Farm size 
Small Medium Large 
Economic sustainability 1.60 2.64 1.58 
Return on equity (%) 0.19 0.25 0.35 
Total factor productivity 0.47 0.68 0.50 
Risk (%) 0.00 0.80 0.10 
Agricultural income per capita (TL) 0.06 0.05 0.13 
Credit use (TL) 0.88 0.86 0.50 
Social sustainability 2.45 2.98 3.11 
Benefiting social security (%) 0.95 1.00 0.92 
Distance to medical care (km) 0.85 0.87 0.88 
Own farmland/total farm land*100 (%) 0.15 0.34 0.56 
Having off farm income (%) 0.10 0.20 0.23 
Cooperative membership (count) 0.40 0.56 0.52 
Environmental sustainability 3.15 3.79 3.22 
Technical efficiency 0.81 0.92 0.92 
Synthetic pesticide use (%) 0.81 0.60 0.62 
Synthetic fertilizer use (%) 0.95 1.00 0.85 
Diversification (unit) 0.34 0.47 0.30 
Having good agricultural practices certificate (%) 0.24 0.80 0.54 
Total sustainability index (%) 47.94 62.67 52.76 
 
Table 4. Parameter estimates and their standard errors of the regression model 
Variables Coefficient Standard error t-value p 
Innovation index (Q) 0.436 0.150 2.901 0.005 
Labor per hectare (R) -31.170 46.759 -0.667 0.508 
Return on equity (S) 8.140 2.908 2.799 0.007 
Experience of operators (T) 0.211 0.101 2.089 0.042 
Schooling of operators (W) 0.877 0.407 2.156 0.036 
Agricultural income per hectare (X) 0.002 0.001 2.177 0.034 
Working capital pet hectare (Z) 0.001 0.001 0.273 0.786 
 
4. Conclusion 
Under the light of the research findings, it was clear that not only the benefiting level from innovation of paddy 
farms but also sustainability level of them was unsatisfactory level in research area. Unfortunately, small size 
paddy farms did not utilized from positive contribution of the innovation due to scale problem. Insufficient revenue 
gained from efficiency increase for necessary innovation was the basic problem of paddy farms. Utilizing the 
economies of scale in paddy farms may be the starting point to increase total factor productivity and benefit 
positive contribution of the innovation. Cooperation is the most effective strategy for small scale paddy farms is 
the research area. Efficient cooperation may increase the likelihood of benefiting innovations and sustainability. 
Simultaneously, stimulate the farmers to use certified seed, changing paddy variety and activities to increase value 
added of paddy such as marketing peeled and dried paddy via well designed extension and farmers’ education 
programs may be beneficial to increase sustainability via total factor productivity increase in the research area. 
Organizing the effective credit system having low interest rate and suitable repayment plan to enhance the farmers’ 
access to credit for the necessary machinery and equipment and new production systems may contribute to the 
efficiency of stimulation activities related to effort for increasing value added of paddy. Municipal administration 
should increase the storage facilities for paddy and simplify the farmers’ accesses to them in order to increase time 
value of utility from paddy. To stabilize the revenue of paddy farms in Bafra, policy makers should organize some 
incentive to enhance the benefiting from agricultural insurance scheme against to catastrophic risks such as hail, 
fluid, fire, earthquake etc. and disseminate it among the farmers. Motivation of the farms having sufficient revenue 
for suggested innovation via suitable education and extension programs may increase the innovation capacity and 
sustainability of the paddy farms in the research area.  
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